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Outline

● What are we looking for?
● Biomarkers, biosignatures
● Future prospects
● And a Kepler mystery



  

The habitable zone

● Kastings definition?

Kasting et al., 2013, PNAS: http://www.pnas.org/content/111/35/12641.full.pdf
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Where to look?

● M stars vs. G stars?
● Solar type stars, solar analogues, solar twins or 

rather red dwarfs?
● And actually what about exo-moons?
● What are we searching for? 



  

Biosignature

http://www.nasa.gov/missions/deepspace/cyberspace_prt.htm



  

Some examples

Sara Seager, Matthew Schrenk, and William Bains. An Astrophysical View of Earth-Based 
Metabolic Biosignature Gases. ASTROBIOLOGY Volume 12, Number 1, 2012



  

Spectrum of Earth



  

Transmission of Earths atmosphere

Kaltenegger et al., 2009, http://arxiv.org/ftp/arxiv/papers/0903/0903.3371.pdf



  

What to expect in terms of 
sensitivity needed (the Earth)?



  

http://arxiv.org/pdf/1302.5516v2.pdf



  

And hot-Jupiters?



  

HD189733b - HST

Swain et al., 2008, Nature 
http://www.spacetelescope.org/static/archives/releases/science_papers/Nature_methane_accepted.pdf



  

HD189733b 

Swain et al., 2008, Nature

http://www.spacetelescope.org/static/archives/releases/science_papers/Nature_methane_accepted.pdf



  

Wasp-12b – Rayleigh scattering

Sing et al. 2013, MNRAS, http://arxiv.org/pdf/1309.5261v1.pdf



  

Wasp-31b (clouds, haze, scattering)

Sing et al. 2014, http://arxiv.org/abs/1410.7611



  

And projects for the future?



  

NGTS

http://www.ngtransits.org/survey.shtml



  

NGTS

http://www.ngtransits.org/survey.shtml



  

CHEOPS

● 32cm telescope
● Launch 2017

● http://sci.esa.int/cheops/54032-spacecraft/
● http://cheops.unibe.ch/

Credit: ESA

http://sci.esa.int/cheops/54032-spacecraft/


  

CHEOPS

● The main science goals of the CHEOPS mission will be to study the structure of exoplanets with radii 
typically ranging from 1-6 REarth orbiting bright stars. With an accurate knowledge of masses and 
radii for an unprecedented sample of planets, CHEOPS will set new constraints on the structure and 
hence on the formation and evolution of planets in this mass range. In particular, CHEOPS will:

●     Determine the mass-radius relation in a planetary mass range for which only a handful of data 
exist and to a precision never before achieved.

●     Probe the atmosphere of known Hot Jupiters in order to study the physical mechanisms and 
efficiency of the energy transport from the dayside to the night side of the planet.

●     Provide unique targets for future ground- (e.g. E-ELT) and space-based (e.g. JWST, EChO) 
facilities with spectroscopic capabilities. With well-determined radii and masses, the CHEOPS 
planets will constitute the best target sample within the solar neighbourhood for such future studies.

●     Offer up to 10% of open time to the community to be allocated through competitive scientific 
review.

●      Identify planets with significant atmospheres as a function of their mass, distance to the star, and 
stellar parameters. The presence (or absence) of large gaseous envelopes bears directly on 
fundamental issues such as runaway gas accretion in the core accretion scenario or the loss of 
primordial H-He atmospheres.

●     Place constraints on possible planet migration paths followed during formation and evolution for 
planets where the clear presence of a massive gaseous envelope cannot be discerned.



  

TESS



  

TESS

● TESS is designed to:

●     Monitor 200,000 nearby stars for planets
●     Focus on Earth and Super-Earth size planets
●     Cover 400× larger sky area than Kepler
●     Span stellar spectral types of F5 to M5



  

JWST

● MIRI - mid-IR camera
● NIRI – near-IR camera
● NIRSpec – near-IR spectrograph
● NIRISS – near-IR imager and slitless spectrogr.
● Exoplanets and Solar systém one of the key 

themes
● Launch date 2018 



  

Kaltenegger, L. and Traub, W. (2009) Transits of Earth-Like Planets. Astrophysical Journal

JWST 
Launch 2018
Ideal for characterization of small 
planets in infrared
Image NASA



  

Plato Space mission

Credit: Thales Alenia Space 



  

PLATO Space mission
● PLAnetary Transits and Oscillations of stars

● Theme: What are the conditions for planet formation and the emergence of life?

● Primary Goal Detection and characterisation of terrestrial exoplanets around bright 
solar-type stars, with emphasis on planets orbiting in the habitable zone.

●     Photometric monitoring of a large number of bright stars for the detection of 
planetary transits and the determination of the planetary radii (around 2% accuracy)

●     Ground-based radial velocity follow-up observations for the determination of the 
planetary masses (around 10% accuracy)

●     Asteroseismology for the determination of stellar masses, radii, and ages (up to 
10% of the main sequence lifetime)

●     Identification of bright targets fr spectroscopic follow-up observations of 
planetary atmospheres with other ground and space facilities

● LAUNCH 2024



  

PLATO Space mission

● The instrument consists of 32 "normal" 
telescopes

● Stars with mV > 8. Two additional “fast” cameras 
with high read-out cadence (2.5 s) will be used 
for stars with mV ~4–8

● Each camera has an 1100 deg2 FoV and a pupil 
diameter of 120 mm and is equipped with a focal 
plane array of 4 CCDs each with 45102 pixels of 
18 μm size



  

E-ELT - 2024

● EPICS – Exoplanet imagng camera and spectrograph

               https://www.eso.org/sci/libraries/SPIE2010/7735-84.pdf  
● METIS - The Mid-infrared E-ELT Im. and Spectr. - 3–20 μm

Low-resolution (R < 1,000) at L,M,N

Medium-resolution (R <10,000) at N

High-resolution (R~100,000) IFU at L,M
● HARMONI - is a visible and near-infrared (0.47 to 2.45 µm) 

integral field spectrograph, providing the E-ELT's core 
spectroscopic capability, over a range of resolving powers from R 
(≡λ/Δλ) ~500 to R~20000.

https://www.eso.org/public/images/ann15056a/



  

E-ELT

Credit: ESO



  

And now some fun at the end



  

How could aliens look like?
How to see aliens?

● Dyson spheres
● Giant structures around planets and transit light 

curve
● How a Moon would be seen in the light curve?
● Life as we know it from the Earth?



  



  

Nice reading

● http://www.nature.com/scitable/blog/postcards-
from-the-universe/the_curious_idea_of_jovian

● Carl Sagan - Cosmos

http://www.nature.com/scitable/blog/postcards-from-the-universe/the_curious_idea_of_jovian
http://www.nature.com/scitable/blog/postcards-from-the-universe/the_curious_idea_of_jovian


  

Sinkers and floaters in Jupiter 
atmosphere

● https://www.youtube.com/watch?
v=uakLB7Eni2E



  

Why are the plants green?



  

Phosynthesis

Chlorophyll - Credit: Wikimedia Commons



  

Red edge 

Kaltenegger et al., 2009, http://arxiv.org/ftp/arxiv/papers/0903/0903.3371.pdf



  

https://www.cfa.harvard.edu/~kchance/EPS238-2012/refdata/Seager-red-edge-2005.pdf



  

Credit: http://www.giss.nasa.gov/research/news/20070411/



  

Different colours of plants?

Credit: http://www.giss.nasa.gov/research/news/20070411/



  

Credit: http://www.giss.nasa.gov/research/news/20070411/



  

Artificial transiting structures

Arnold, 2005, ApJ



  

Arnold, 2005, ApJ



  

http://iopscience.iop.org/article/10.1088/0004-637X/809/2/139/pdf



  

Exo-moons



  

Exo-moons

Hippke, 2015, ApJ  - http://arxiv.org/pdf/1502.05033v2.pdf



  

Kepler star
www.planethunters.org



  

Kepler star

● Why is so unique?
● Why caught attention?

   - IRREGULARITY



  

KIC8462852

http://arxiv.org/pdf/1509.03622v1.pdf



  

http://arxiv.org/pdf/1509.03622v1.pdf



  

http://arxiv.org/pdf/1509.03622v1.pdf
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Explanations of a Kepler star 
mystery?

● Probably a comet which broke apart and now is 
orbiting a star

● A result of a collison of large bodies – however 
no IR excess observed

● Aliens? - perhaps not, not yet



  

How would the Earth look from 
space?



  

Pale blue dot

http://daleandersen.seti.org/Dale_Andersen/A_Pale_Blue_Dot.html



  

http://science.nasa.gov/science-news/science-at-nasa/2013/23jul_palebluedot/



  

Thank you very much
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